Advanced Wireless Integrated Navy Network - AWINN

3™ Quarterly Report
Virginia Tech

July 1, 2005 — September 30, 2005

DISTRIBUTION STATEMENT A
Approved for Public Release
Distribution Unlimited




Form Approved
REPORT DOCUMENTATION PAGE OMBE No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathening and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of
information, including suggestions for reducing the burden, to Department of Defense, Washington Headguarters Services, Directorate for Information Operations and Reports (0704-0188),
1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any
penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
September 30, 2003 Quarterly Report I Jul. to 30 Sep. 2005

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Advanced Wireless Integrated Navy Network (AWINN) N00014-05-1-0179

Sb. GRANT NUMBER
N00014-05-1-0179
5c. PROGRAM ELEMENT NUMBER

6. AUTHORI(S) 5d. PROJECT NUMBER
Warren Stutzman and Rick Habayeb

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Y : : 2 : REPORT NUMBER

Virginia Polytechnic Institute and State University

Electrical and Computer Engineering Department 3

302 Whittemore Hall (0111)
Blacksburg, VA 24061

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
Office of Naval Research

ONR 313

875 N. Randolph St. 11. SPONSOR/MONITOR'S REPORT
Arlington, VA 22203-1995 NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution unlimited.

13. SUPPLEMENTARY NOTES

The views, opinions and/or findings contained in this report are those of the author(s) and should not be constructed as an official
Department of the Navy position, policy or decision, unless so designated by other documentation.

14. ABSTRACT

Quarterly progress report No. 3 on AWINN hardware and software configurations of smart, wideband, multi-function antennas,
secure configurable platform, close-in command and control for Sea Basing visualization of wireless technologies, Ad Hoc
networks, network protocols, real-time resource allocation, Ultra Wideband (UWB) communications network and ranging sensors,
cross layer optimization and network interoperability.

15. SUBJECT TERMS

6. SECURITY CLASSIFICATION OF: 7. LIMITATION OF | 18. NUMEER [19a. NAME OF R dp 1
a. REPORT |b. ABSTRACT | c. THIS PAGE ABSTRACT g,:c;es Rick Habayeb £~

19b. TELEPHONE AU

UL
Ll H u 540-231-4353

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std, Z39.18



TABLE OF CONTENTS

Executive SUMMATY usssseonsmsnsssisminssssiamissssmsvie N 1
1. TASK 1 Advanced Wireless Technologies e 2
1.1 Task 1.1 AQVANCEd ANIEIIAS ..ommuvmmassiomsssossmsssasarsss susssasss srsssnss st sts sussnsvis sosessssesssass 2
1.2 Task 1.2 Advaneed Software Radio wosess oo s s 23
1.3 Task 1.3 Collaborative and Secure Wireless Communications.........ce.ceeveerieeeerenenn. 53
2. TASK 2 Secure and Robust NEIWOIKS ....cccvcvvsimivinirinrenisssansssscsnnssnsnsssnissserssnsssanesssose 64
2] Task2.] Al HOC INCEWOTKS, .« nrsmssmamens oo ot 1 s s sss s s iws s smasii g o s s sians 64
2.2 Task 2.2 Real-Time Resource Management, Communications, and Middleware...... 71
2.3 Task 2.3 Network Interoperability and Quality of SErvice .......cccoovvveiveerecrncieneeenn 76
2.4 Task 2.4 Cross-Layer OptimizZation ........ecieererivreerienraieeenneiiesieareeseessnsesssvessnsesssssnss 77
3. TASK 3 Visualization of Wireless Technology and Ad Hoc Networks .......cccceereereene 101
3.1 OVEIVIEW ..oiiiiieiiieeiceeesseee et aeees e e s e en e e saeasteesamsas e s en e s samaessennesbeeeasneane e bneeanntaenaes 101
3.2 Task ACHVITIES TOr tHE PETTOM ... . cunssonmnssanmss e ordssiss e 550858 5 nae ks vesmn omos s 88 s anmias 101
33 [NpOTtAnces RIEIEVATIOE «oonuumsrssss onmes smomsennns oot sssess s s s . s 104
54 ProduClivity remmrrrss s e T T 104
4. TASK 4 Testing and Demonstrations....c.cceveiserecsssnnsensssnensaenssinmsiscsseessenassanssssessaess 106
4.1 TIP#1 Distributed MIMO UWB sensor networks incorporating software radio....... 106
4.2 TIP#2 Close-in UWB wireless application to Sea Basing ......c..ccooeceeiinicneinninnnnn 117
4.3 TIP #3: Secure Ad HOC NetWOIKS ....oociiriiiireieii ettt e 121

4.4 TIP #4: Integration of Close-in UWB wireless with ESM crane for Sea Basing
ADDIIEALIOTE .. . im0 S . PSS SR DERAE B s 124
5 FINANCIAL REPOYR T coumonnsnssrsnsscrsmmssstisssesssssssess oonessssas ssnsssnss s ss4sas xssnssessuasaasmasss 126



Executive Summary

This third quarterly report provides summaries on the activities and productivity of the AWINN
team at Virginia Tech. The report covers the following thrust areas:

Advanced Wireless Technology

Secure and Robust Networks

Visualization of Wireless Technology and Ad Hoc Networks

Technology Integration Projects

The Advanced Antennas Group has completed a comprehensive investigation of Wideband and
Ultra Wideband (UWB) antennas for the AWINN projects. The investigation concluded that
Tapered Slot / Vivaldi, Impulse Radiating Antennas (IRA), and TEM Horn antennas are good
candidates for Wideband and UWB applications. During this reporting period the SDR team
focused on the development of prototype transceivers and algorithms to support UWB, MIMO
communications, position location and ranging. The SDR algorithms development group
investigated a narrow band interference (NBI) mitigation approach for the UWB signals using
multiple receive antennas. The result shows that doubling the number of antennas will give a
3dB performance improvement under Rayleigh fading condition. Tests conducted by the group
confirm that time-interleaved sampling of UWB pulses using off-the-shelf components is
feasible. The Collaborative and Secure Communications team is developing protocols for inter-
and intra-communications between network nodes. They are investigating methods for
improving the communication link performance between a mobile base station and distributed
mobile sensor network. The effort of the Cross-Layer Optimization group is focused on cross-
layer design of UWB for position location networks Pol.oNet and collaborative radio networks.
The Networking Group is investigating various protocols for QoS security, mobile routing, and
cross-layer optimization. The Real-Time team is concentrating on the standard for the
Distributed Real-Time Specification of Java (DRTSJ) and the time utility function. The
Visualization of Wireless Technology team is completing an investigation of UWB contact-less
sensors for close-in operations. The Technology Integration Projects (TIP) are examining various
approaches to integrate and demonstrate the AWINN technologies.



1. TASK 1 Advanced Wireless Technologies
1.1 Task 1.1 Advanced Antennas

1.1.1 Overview

Task Goal: This task investigates new antenna technologies that are applicable to Navy missions
and provide hardware for AWINN integration projects.

Organization: This task is managed by Director of Virginia Tech Antenna Group (VTAG) using
the following personnel:

Bill Davis, Director

Warren Stutzman, Faculty

Randall Nealy, Engineer

Taeyoung Yang, GRA

Scott Bates, GRA

John Kim, GRA

Summary: Progress continued this quarter in the development of small antennas for other
AWINN tasks. Identification of specific requirements for antennas to support the AWINN
demonstrations is now complete.

1.1.2 Task Activities for the Period

Task objective: Investigate new antenna technologies applicable to Navy missions and provide
hardware for AWINN integration projects.

Accomplishments during reporting period: Additional progress on compact planar UWB
antennas and determination of the requirements for antennas in other AWINN tasks.

Links to other tasks: Tasks 1.2, 1.3, 3,and 4

Subtask 1. 1a Investigation of compact antennas for handheld and mobile terminals

Task objective: Design compact planar UWB antennas for various applications and systems.
Accomplishments during reporting period:
No specific activity this quarter. See related subtasks.

Links to other tasks: This task supports Tasks 1.2 and task 4
Schedule: This continues through the December 2005.
Personnel: Taeyoung Yang, GRA

Subtask 1.1b_Antenna Characterization ~ transient & wideband
Task objective: Provide antenna characterization methods in both frequency and time domains.

Accomplishments during reporting period:

Normal-Mode, Logarithmic, Tape Helix
Many ultra-wideband antennas have square planar shapes. However, for some applications, the
width of antenna is more critical than the height. Thus, the ultra-wideband antenna with a




cylindrical structure would be useful. In the literature, a couple of antenna structures were
recently investigated. The bi-arm rolled monopole [1.1b-1] showed better performance,
comparing with rectangular fat monopole. However, this structure has performance similar to the
discone antenna and still requires similar dimensions. The monopole with twist [1.1b] has a ratio
of height —to-diameter of about 2, but requires wrapping with try-and-error to match the
impedance.

During this quarter, efforts were focused on examining a new class of antenna, the normal-mode
logarithmic tape helix antenna, which has an equal-angular width and provides ultra-wideband
characteristics.

Antenna Structure
The antenna structure is shown in Fig. 1.1-1 and the parameters are listed in Table 1.1-1. The
pertinent design equations are:

z, =are” (1.1b-1)
z, =g (1.1b-2)
where a is linear scaling factor, #, is radius, b is wrapping rate, and d is angular width.

Table 1.1-1 Summary of the test antenna geometrical parameter values
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Figure 1.1-1 Geometry of the tape helix and the associated parameters




Results

The test results for the tape helix antenna and comparison fat monopole of Fig. 1.1-2, in both the
time and frequency domains are shown in Fig. 1.1-3 and 4.
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Figure 1.1-3 Comparison of return loss and group delay for the fat monopole
and the tape helix antennas.
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Figure 1.1-4 Comparison of measured transient responses for the tape helix and
fat monopole. (Note: A time shift of 3 ns is added to each transient response in
order to distinguish each pulse shape easily).

The measured radiation patterns for the tape helix antenna are plotted in Figs. 1.1-5, 6, and 7.
The realized gain and axial ratio computed from simulations are plotted in Fig. 1.1-8. Frequency
dependence of
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(a) 3 GHz (b) 6.5 GHz (c) 10 GHz
Figure 1.1-5 Measured elevation radiation patterns for the tape helix antenna at
Phi = 0 degree

(a) 3 GHz (b) 6.5 GHz (c) 10 GHz
Figure 1.1-6 Measured elevation radiation patterns for the tape helix antenna Phi = 90 degree
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Figure 1.1-7 Measured azimuth radiation patterns for the tape helix antenna at Theta = 90
degree
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Figure 1.1-8 Simulated realized gain and axial ratio.
Conclusions

The new class of antenna, the tape helix, was introduced. Even though the test antenna was not
optimized, it still showed good frequency and time domain performance. The ratio of height-to-
diameter is about 3. So, the tape helix can be used for low frequency applications. In addition,
the antenna structure can be printed on the thin film, allowing for easy mass production. It has
very small weight.

References

[1.1b-1] Zhi Ning Chen, “Novel bi-arm rolled monopole for UWB applications,” IEEE
Transactions on Antennas and Propagation, vol. 53, pp. 672-677, Feb. 1995.

[1.1b-2] T. Warnagiris, “A Monopole With A Twist Revisited,” Microwave Journal , pp. 54-74,
July 2005.

Links to other tasks: This task supports the Tasks 1.1a, b, ¢, and e.
Schedule: Continues through the first year.
Personnel: Taeyoung Yang, GRA

Subtask 1.1¢c UWB antenna design (support of AWINN demonstrations)

Task objective: Design various UWB and other antennas needed for AWINN demonstrations

Accomplishments during reporting period: Below are summaries of antennas developed for
AWINN applications.




Directional Antenna for SDR Receiver

An antenna is needed for a directional SDR receiver. The specifications for the antenna are listed
in Table 1.1-2.
Table 1.1-2 Antenna specifications for SDR receiver

Size Not a major constraint but an antenna dimension fitting inside a
6” x 6” x 6” is desired

Transmitted Pulse Width Given a 500 ps pulse input, the transmitted pulse width should be
1000-1500ps, with minimal pulse dispersion or ringing

Gain Not a major constraint

Weight Not a concern

Absolute Frequency Range Any range that is required to achieve the pulse width needed

Some of the possible antenna candidates follow.

Tapered Slot Antenna

Tapered slot antennas (TSA’s) belong to a class of endfire traveling-wave antennas that
demonstrated multioctave bandwith, moderately high gain (7-10 dB), and symmetrical E- and H-
plane beam patterns [1.1c-1]. The geometry of a TSA is shown in Fig. 1.1-9. There are many
different types of TSA’s available: Linearly Tapered Slot Antenna (LTSA), Vivaldi Antenna,
which has exponential taper, and Constant Width Slot Antenna (CWSA) to name a few [1.1¢c-5].
Usually the bandwidth is limited due to the feed transition from microsrtip or coaxial line to
antenna slot [1.1¢c-2]. Many different feeding arrangements have been investigated in order to
reduce the reflection loss between the feed transition.

Figure 1.1-9 Geometry of tapered slot antenna [1.1¢-3].

In order to reduce the loss in the feed transition, an antipodal geometry was introduced by Gazit
[1.1c-4]. An example of an antipodal Vivaldi antenna is shown in Fig. 1.1-10. This antipodal
geometry overcomes many limitations present in the conventional Vivaldi antenna so that it can
function as an ultra-wideband antenna.




Another band limiting factor is the shape and the size of the antenna. The length of the antenna
affects the beamwidth and the shape of the end of the antenna controls the side lobes and the back
lobes [1.1c-4]. So, proper dimensions are necessary to achieve the bandwidth needed.

Figure 1.1-10 An antipodal Vivaldi antenna [1.1¢c-6]

TEM Horn

Transverse electromagnetic hom (TEM horn) antenna is a very popular wideband antenna. Its
structure is also very simple. Typically a TEM horn consists of two triangular metal plates and a
feeding structure and the horn is described completely with just three parameters: o, B, and s
[1.1¢-7]. Fig. 1.1-11 shows the geometry of a basic TEM hom antenna with the three parameters.

Drive Point

Perfectly
Conducting
Plate

of2

Figure 1.1-11 The geometry of a TEM horn antenna [1.1¢-7].

Because a TEM horn is a balanced antenna, it requires a balun if an unbalanced feeding structure
such as coaxial line or microstrip line is used [1.1c-8]. If a balun is required, the balun
performance may limit the bandwidth of the TEM horn antenna. One way to use a TEM hom



without a balun is to use ground plane with one-half of the TEM horn plate [1.1c-6]. Also, the
flaring and the length of the TEM horn antenna controls the bandwidth. When the separation
between two plates approaches a half wavelength, it behaves as an efficient radiator [1.1¢c-9]. So,
the separation height at the end of the TEM hom determines the low cutoff frequency of the horn.

The abrupt truncation of the TEM horn causes reflections at the end and back scattered fields
diffracted from the horn edges. In order to reduce the reflections, resistive sheet or card is placed
at the end of the TEM hom; it was shown that the when the TEM horn is resistive loaded, the
reflection was reduced [1.1¢-10].

Impulse Radiating Antenna (IRA)

An IRA was developed for sending out a broadband pulse and some of its application includes
target discrimination in a cluttered environment, aircraft identification, and target location
through foliage [1.1c-11]. The reflector IRA is shown in Fig. 1.1-12 consists of a conical TEM
feed and a reflector. When compared to a TEM horn of comparable size, reflector IRA performed
better at higher frequency yielding narrower pulse response than a TEM hom [1.1c-11]. Later, a
lens IRA was developed that did not require use of a reflector [1.1¢-12].

One drawback of the reflector IRA is low efficiency. The reflector IRA uses resistive loading at
the connection point between the TEM feed arm and the reflector in order to reduce reflection
mismatch. It was shown that a reflector IRA has only 25% aperture efficiency [1.1¢-13].

Helical Antenna

Helical antennas operate in two modes: normal or axial. A helical antenna and its dimensions are
shown in Fig. 1.1-13. When the circumference (C) of the helix is on the order of a wavelength,
the axial mode results, and when the diameter (D) and the length (L) shown in Fig. 1.1-13 are
small compared to wavelength, the normal mode results [1.1c-14]. The axial mode helix
bandwidth is 1.78:1 [1.1¢-14]. The normal mode helix is potentially wideband, but it has an
omnidirectional pattern, which is unsuitable for this task.

Matching Circut
T
TEM Feed
D F
pped
Vokage
Source
.
(a) (b)

Figure 1.1-12 IRA Antennas: (a) reflector IRA and (b) lens IRA. [1.1¢-12]
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Figure 1.1-13 Geometry and dimensions of a helical antenna. [1.1¢c-14]

Spiral Antennas

Spiral antennas are a class of frequency independent antennas capable of bandwidths up to 40:1.
A couple of examples of spiral antennas are shown in Fig. 1.1-14. Both of the spiral antennas are
bidirectional antennas. In situations where a unidirectional antenna is needed, a ground plane or
metal cavity behind the spiral is used to form a unidirectional beam pattern. Another approach is
to form a unidirectional beam to use a nonplanar form. An example of conical equiangular spiral
antenna is shown in Fig. 1.1-15. This antenna forms a single main beam directed off the tip of the
cone in the -z direction. Although the spiral antennas show wideband characteristics, there is
severe dispersion, making it unsuitable for pulse transmission. The impulse response of a cavity
backed Archimedean spiral antenna in Fig. 1.1-16 shows that chirp is present in the impulse
response, rendering it unsuitable for pulse transmission.

(a) (b)

Figure 1.1-14 Spiral antennas: (a) Geometry of an equiangular spiral antenna,
and (b) Geometry of an Archimedean spiral antenna. [1.1¢-14]
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Figure 1.1-15 Geometry of a conical equiangular spiral antenna. [1.1¢-14]

Impulse Response Sy
Cavity Backed Spiral

Amplitude

Time [ns ]

Figure 1.1-16 Measured impulse response of a cavity backed Archimedean
spiral antenna [1.1c-6]

Log-Periodic Antennas

A log-periodic antenna is an antenna having a structural geometry such that its impedance and
radiation characteristics repeat periodically as the logarithm of frequency [1.1c-14]. An example
of a log periodic antenna, the log-periodic toothed trapezoid antenna, is shown in Fig. 1.1-17. Just
like spiral antennas, log-periodic antennas are considered frequency independent and are able to
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achieve a bandwidth of 10:1. But just like spiral antennas, its shape causes radiation of different
frequencies at different times leading to severe dispersion, rendering it unsuitable for pulse
transmission. The impulse response of a log toothed trapezoid antenna is shown is Fig. 1.1-18.

Figure 1.1-17 Log-periodic toothed trapezoid antenna. [1.1c-6]

Impulse Response s,,

Amplitude

e n el e it e o it Rt g it

5
Time [ns]

Figure 1.1-18 Measured impulse response of log-periodic toothed trapezoid
antenna of Fig. 1.1-17. [1.1¢-6]

Conclusions

Some wideband antennas and ultra-wideband antennas have been investigated. Tapered slot
antenna, TEM horn and IRA seem to be good candidate for the task outlined in the introduction.
They offer wide bandwidth along with little dispersion, which is critical for pulse transmission
and reception.

Some other wideband antennas have been also investigated. The helical antenna, possibly a good
candidate had omnidirectional beam pattern which is not suitable for this task. The frequency
independent antennas, spiral and log-periodic antennas, showed the bandwidth needed for pulse
transmission. However, both types had severe dispersion associated with them. The dispersion
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causes chirp in the transmitted pulse and the ringing lasts for a long time. The dispersion is what
causes these two types of antenna to be unsuitable for pulse transmission.
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Links to other tasks: This task supports Tasks 1.2 and 4

Schedule: Initial design and fabrication will be completed and then performance improvement
and optimization continues up to end of the year. The UWB system support antennas are to be
completed by November 2005. Antennas in support of the robotic tasks will be developed in
parallel with the UWB system support design.

Personnel: John Kim (GRA), Randall Nealy (Engineer), and W. Davis (PI)
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Subtask 1.1d Antennas providing polarization, spatial, and pattern diversity — Evaluation of
antennas in a MIMO environment

Task objective: Base station/access point antennas providing polarization, spatial and pattern
diversity useful in supporting MIMO and space-time coding processing. Evaluation of antennas
in a MIMO environment.

Accomplishments during reporting period: None to date

Links to_other tasks: This topic may impact on the frequency selection and interaction of the
measurements used for the Sea-Based cargo systems being considered in Task 3.

Schedule: The majority of the work on this task will follow the development of the antennas and
is projected for Spring 2006.

Personnel: Garauv Joshi

Subtask 1. 1e Support physics/engineering-based models for Digital Ships

Task objective: Support of Task 3 to develop physics/engineering—based templates for Digital
Ships for radar simulation, including EW techniques.

Accomplishments during reporting period: None to date

Links to other tasks: In support of Task 3 on Digital Ships

Schedule: As requested by the personnel of Task 3 — Expected during Fall 2005

Personnel:

Subtask 1.1f Wideband balanced antenna/array feed networks

Task objective: Development of array feed networks for wideband balanced antenna systems
such as the Fourpoint antenna investigated in the NAVCITI program

Accomplishments during reporting period: The major activity this period has been a thorough
review of baluns and us discussed below.

Introduction

Problems can arise with a balanced antenna if it is driven in such a way as to cause an imbalanced
current. The imbalance can cause the radiation pattern to change, in the worst case causing a
drastic and undesirable change in the pattern. One possible definition of “balance,” or the lack of
is given by Weeks [1.1f-1]:

“In circuit technology, an unbalanced system is defined as one in which the two conductors are at
different potentials with respect to ground (perhaps one of the conductors is at ground potential).
The capacitance with respect to ground of the individual conductors is then different, and
consequently the current in the two conductors may be different. In contrast, a balanced system is
one in which the two conductors are respectively above and below ground potential by the same
amount.”

So a general indication of a balanced condition of a system is its symmetry, both electrical and
spatial.

There are many ways that an otherwise balanced antenna can become unbalanced. The type of
antenna feed as well as the orientation of system components can have an effect on the balance of
an antenna system. Driving a balanced antenna with an unbalanced feed will produce an
unbalanced system. Positioning an otherwise balanced system (feed and antenna balanced) above
a ground plane in a certain orientation can cause the antenna itself to become unbalanced.
Orienting a feed line, balanced or otherwise, asymmetrically with respect to a balanced antenna
can cause an imbalance.
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A balanced antenna excited using an inherently unbalanced feed will introduce an imbalance. The
classic example of this is a coaxial line fed dipole. See Fig. 1.1-19 [1.1£-2]. One arm of the dipole
is generally connected to the outer conductor of the coaxial line with the other arm connected to
the inner conductor of the coax. This abrupt change allows some of the current from the inside of
the outer conductor of the coaxial line to flow down the outside of the outer conductor. Because
this current is open to the outside and is not shielded it will radiate. The unwanted radiation
pattern of the feed line will then adversely affect the desired pattern of the dipole. See Fig. 1.1-20
[1.1f-3].
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Fig. 1.1-19 Currents in a coax feeding a dipole antenna. [1.1f-2]
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Fig. 1.1-20 Currents on dipole. [1.1£-3]

It is interesting to note that, though a system might be unbalanced, the overall effect on the
antenna pattern might not be significant enough to warrant a remedy. Balanced directional
antennas may be more sensitive to an imbalance, specifically because of the directional nature of
the pattern [1.1f-4].

Antenna orientation with respect to ground can produce an unbalanced antenna. Imagine a dipole
horizontally situated over a ground plane. Each arm of the dipole is equidistant from the ground
plane so each arm is capacitively coupled to the ground plane by the same amount. This
arrangement is thus balanced, assuming a balanced feed. Rotating the antenna by 90 degrees such
that it is vertically aligned over the ground plane will cause an imbalance. This new geometry is
unbalanced because the two arms are now located at different distances from the ground plane
and thus have different values for coupling capacitance. See Fig. 1.1-21 [1.1{-5].

15



_Rad ot e ren!
- b

akal Less Low — Binktre g Meaniy

o Rudatng Elemznt

Fig. 1.1-21 Vertical orientation of a balanced antenna with respect to ground.

Feed line orientation with respect to the antenna can also produce an imbalance. An example of
this is in the Fig. 1.1-22 [1.1f-6]. The feed line is oriented at a 45 degree angle to one arm of the
dipole. This produces an uneven coupling between the antenna and the outside of the coaxial feed
line, which can produce an unwanted current on the outside conductor.
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Fig. 1.1-22 A balanced antenna with an asymmetric feed orientation.

Class 1 Baluns
One of the two classes of baluns is shown in Fig. 1.1-23. [1.1£-7], [1.1{-8].
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Fig. 1.1-23 Types 1,2, and 3 baluns.

The Type 1 balun works by presenting infinite impedance looking from the load back towards the
feed line. This arrangement is usually narrowband. L is generally a quarter wavelength long. The
Type 2 balun is comprised of two Type 1 baluns in series. This arrangement can provide a bit
more bandwidth than Type 1. The Type 3 balun is a folded variation on the Type 2 balun. Again,
this presents infinite impedance when looking from the load towards the feed line [1.1f-8].
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One alternative form for the Type 3 baluns is shown in Fig. 1.1-23 [1.1£-9]
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Fig. 1.1-24 Altenative form of Type 3 balun. [1.1£-9]

Figures 1.1-25 [1.1f-10] and 1.1-26 [1.1f-11] are printed circuit versions of Type 3 and Type 2
baluns, respectively.
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Fig. 1.1-25 Printed form of Type 3 balun. [1.1-10]
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Fig. 1.1-26 Printed form of Type 2 balun. [1.1f-11]

Another type of balun is the half wave bypass balun, pictured in Fig. 1.1-27 [1.1f-12]. This type
of balun can also provide impedance matching.
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Fig. 1.1-27 The half-wave bypass balun. [1.1f-12]
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Another implementation of a balun is the natural balun, which can be considered as an antenna
with a built-in balun. Some antennas, for example a folded dipole, exhibit a current null in the
center of the antenna on the continuous metal side. This is a good location for a coaxial cable feed
connection. (This antenna would work well in the case that the imbalance is caused solely by an
unbalanced feed line, but might not work if the imbalance is due to antenna orientation with
respect to ground or feed line). See the Fig. 1.1-28 [1.1f-13].
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Fig. 1.1-28 A natural balun antenna.

Cutaway baluns can theoretically provide upwards of 100:1 bandwidth ratios. The major
drawback is that they must be fairly long to achieve this ratio. See Fig. 1.1-29 [1.1f-14].
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Fig. 1.1-29 A cutaway balun.

It is not uncommon to combine several particular balun designs to arrive at a hybrid. The balun in
the Fig. 1.1-30 is a combination of a cutaway balun and a Type 3 balun.
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Fig. 1.1-30 A balun that combines the cutaway and Type 3 baluns.

Several other types of balun are presented below. Fig. 1.1-31 [1.1£-16] is a coiled coax choke type
balun. Currents on the outside of the coax are choked off by the inductance of the coax loops
while the signals inside the coax are unaffected.

Fig. 1.1-31 Coiled coax cable balun.

Figures 1.1-32 and 33 are more examples of choke type baluns. One has copper windings around
a ferrite core [1.1£-17] and the other is a length of coax that is surrounded by small ferrite donuts
[1.1£-18].
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Fig. 1.1-32

Fig. 1.1-33 Bead choke balun. [1.1f-18]

Class 2 baluns

In [1.1£-19], balun classification is made differently. The three classes used are: current balun,
voltage balun, and 180 degree power divider. The current balun attempts to balance currents
while the voltage balun attempts to balance a voltage with respect to some reference. Finally, as
the name suggests, the 180 degree power divider attempts to split the power between two ports
such that the current and voltage at each port are equal but opposite. It is shown in [1.1f-19] that
all three balun types can be derived from a 180 degree 4-port hybrid by suitably terminating one
of the hybrid ports. It is suggested that balun Types 1, 2, and 3 fall under the heading of current
balun using this classification scheme.

Each balun type is suited for a particular imbalance caused by the system configuration. In
particular, imbalance caused by asymmetrically situating a balanced dipole over a ground plane is
best handled using a current balun.

Tapered line baluns are mentioned in various papers as being able to provide broadband
performance. A potentially compact version is discussed in [1.1f-20]. Randall Nealy has
suggested that either the branch line quadrature hybrid or the 180 degree tapered coupled line
hybrid might provide a broadband balun solution.
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Links to other tasks: This is related to potential directional antenna needs of other tasks, but has

no direct link at present

Schedule: Begin Fall 2005

Personnel: Scott Bates, GRA

1.1.3 Importance/Relevance

The designed compact planar UWB antennas can accommodate the current needs for the
handheld and mobile terminals. The designed frequency notch UWB antennas might provide a
solution to reduce the inference to the existing other narrow band applications.

Specific requirements have been identified to set the antenna specifications for the software
defined radio and sea-based tasks. This has been described in the task summary for this quarter.

A review of both wideband antennas and baluns has been performed to provide a focus of effort
toward the antenna needs of the project.
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Contact: The information of desktop antenna and propagation prediction is an item of critical
interest in the design of topside platform configurations. This work is currently being done by the
J-50, EMC team at the Naval Systems Warfare Center — Dahlgren Division. William Davis
coordinating contact with Mike Hatfield of that section.

1.1.4 Productivity

Conference publications

1. W. A. Davis, “ Development of New Antennas and Applications: Applications of UWB
Antenna Modeling,” Institute for Defense and Government Advancement: Military Antenna
Systems, 20-21 Sep 2005, Arlington, VA - Presented.

Books and Book Chapters

Honors and Recognitions
1. W. A. Davis, MC of the Institute for Defense and Government Advancement: Military
Antenna Systems, 20-21 Sep 2005, Arlington, VA

Students supported
Taeyoung Yang, Scott Bates, John Kim Aug 15, 2005 — July 15, 2005

Faculty supported
Dr. William A. Davis, VTAG Director, Jan. 15, 2005 — present
Dr. Warren L. Stutzman, Faculty, Jan. 15, 2005 — present
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